The binding of Ruthenium red to tubulin.
The inhibition of microtubule assembly by Ruthenium red (Deinum, J., Wallin, M., Kanje, M. and Lagercrantz, C. (1981) Biochim. Biophys. Acta 675, 209-213) could be counteracted by either taxol or dimethyl sulfoxide. Ruthenium red remained bound to the assembled microtubules. Microtubules assembled in the presence of Ruthenium red and taxol showed the typical taxol-dependent stability. The dimethyl sulfoxide-induced microtubules showed normal assembly characteristics, e.g., were GTP dependent, could be disassembled by cold, colchicine and Ca2+ and had no alterations in ultrastructure. The absolute disassembly induced by Ca2+ in the presence of dimethyl sulfoxide and Ruthenium red was dependent on the microtubule protein concentration, but independent in the absence of Ruthenium red. Ruthenium red was strongly bound to purified tubulin also in the presence of 8% (v/v) dimethyl sulfoxide. The dimethyl sulfoxide-induced assembly of purified tubulin in the presence of Ruthenium red was slightly stimulated, although the critical protein concentration was the same. It was found by resonance Raman spectroscopy with a flow technique that Ruthenium red did not bind to a specific calcium binding site on tubulin, although binding to a GTP binding site cannot be excluded. The wavenumbers of the lines in the region 375-500 cm-1 differ from those found for Ruthenium red bound to typical calcium-binding proteins such as calmodulin. Although Ruthenium red binds to serum albumin as well, the spectrum with albumin resembled that of the free dye.